Single-molecule force spectroscopy from nanodiscs: an assay to quantify folding, stability, and interactions of native membrane proteins.
Single-molecule force spectroscopy (SMFS) can quantify and localize inter- and intramolecular interactions that determine the folding, stability, and functional state of membrane proteins. To conduct SMFS the membranes embedding the membrane proteins must be imaged and localized in a rather time-consuming manner. Toward simplifying the investigation of membrane proteins by SMFS, we reconstituted the light-driven proton pump bacteriorhodopsin into lipid nanodiscs. The advantage of using nanodiscs is that membrane proteins can be handled like water-soluble proteins and characterized with similar ease. SMFS characterization of bacteriorhodopsin in native purple membranes and in nanodiscs reveals no significant alterations of structure, function, unfolding intermediates, and strengths of inter- and intramolecular interactions. This demonstrates that lipid nanodiscs provide a unique approach for in vitro studies of native membrane proteins using SMFS and open an avenue to characterize membrane proteins by a wide variety of SMFS approaches that have been established on water-soluble proteins.